1. The reaction of fluorescein-isothiocyanate (FITC) with proteins was studied under various conditions.
Chemical modifications of proteins provide useful information about structure-activity relationships of biologically active proteins.
FITC was shown to be a useful reagent for attaching the fluorescein chromophore to amino groups of proteins for the purpose of the micro-detection of protein in cells under ultraviolet light (1, 2) .
Since the introduction of fluorescent an tibody technique by COONS et al. (4) and the improvement by COONS and KAPLAN (5), fluorescent labeling of proteins, particularly immunoglobulins, has become very popular. The first kinetic study of the labeling was un dertaken by TOKUMARU (6) using gel filtration technique on immunoglobulins. MCKINNEY et al. (7) have investigated more extensively the rate of reaction of FITC with serum pro teins under various conditions. These and many other studies were based on the results with proteins of relatively high molecular weight which contained many a and side chain amino groups of various states, and it was difficult to determine exactly the sites of re action. Furthermore the possibility of non covalent adsorption was often neglected. Meanwhile a preconception prevailed that the prime target of FITC was the a-amino group of lysyl residues with which FITC formed covalent bonds in the proteins (for example, (8) ).
We and other investigators (9, 10) reported that in insulin and other proteins, the prime targets of the reagent were the a-amino of the N-termini. We have reported (3) also that this reagent could be used for micro-analysis of N-termini of peptides and suggested the possibility of using the reagent for a sequence analysis similar to Edman's degradation ( 11) with higher sensitivity.
The purpose of the present report is : a) to clarify the mechanism of the coupling reac tion of FITC with proteins : b) to separate and identify the FTH-amino acids from FTC -proteins, and: c) to obtain information con cerning the non-covalent dye-binding with proteins using fluorescein.
MATERIALS AND METHODS
Material-Fluorescein-isothiocyanate (FITC) isomer I was synthesized in our laboratory according to the methods described by COONS and KAPLAN (5), McKIN NEY et al. (12, 14) and RIGGS et al. (13 ) . Fluorescein was obtained from Wako Junyaku, Tokyo and purified in our Laboratory.
Neocarzinostatin was prepared in our laboratory according to MAEDA et al. (15) . Bovine serum albumin fraction V was obtained from Armour Laboratory, Kankakee, Ill. Three times crystallized egg white lysozyme [EC 3.2.1.17] and crystalline insulin were purchased from Sigma Co., St. Louis. Turkey ovomucoid was prepared according to the method described by FEENEY et al. (16) . Cellulose polyacetate strips (Sepraphore III) for electrophoreses were purchased from Gelman Inst. Co., Ann Arbor, Michigan.
Electrophoresis-Polyacrylamide gel electrophoresis was conducted according to the method described previously (15) . Staining was carried out with aniline blue-black or ponceau 3 R. See figure legends for conditions of individual runs.
Amino Acid Analysis-Both insulin, and FTC-insulin, after removal of FTC-amino acids by the method of MAEDA and KAWAUCISI (3) tion. Although FITC dissolved incompletely at lower pH and was present as a suspension, the reaction proceeded with shaking. All reac tions were carried out in darkness. They were stopped after two hours by addition of about 10 molar excess of glycine (compared to FITC) and pH adjustment at 2.5 by addition of I N HCl. Then extensive dialysis against acidic and alkaline glycine buffers was continued for a week with frequent changes of the outer buffer solution. The result is shown in Fig. 3 . Some proteins seemed to bind dye even at low pH, while neocarzinostatin and ovomucoid bound little at the same pH. The plateau for neocarzinostatin between pH 8.0 and 9. revealed changes in the net charge due to blocking of amino groups and addition of carboxyl groups. Fig. 5 presents the results of electrophoreses of insulin and neocarzinosta tin derivatives.
In the figure : A) insulin (i) is compared with fluorescein-thiocarbamylated product at pH 9.0 (ii), and pH 9.5 (iii), (ii and iii were thiocarbamylated at room temperature for 2 hr); B) neocarzinostatin (NCS), unfrac tionated FTC-neocarzinostatin (F-NCS), mono amino FTC-substituted neocarzinostatin at a position (mono-F) and bis-amino-FTC-substi tuted (bis-F) neocarzinostatin.
The mono-F and bis-F were fractionated and purified ma terial by CM-cellulose as reported previously (20) .
The N-terminal cleavage of FTC-insulin and FTC-neocarzinostatin was conducted as A 125 mg protein sample (A; bovine serum albumin, L; egg white lysozyme and 0; turkey ovomucoid) was dissolved in 5 ml of the same fluorescein containing buffer. Optical density was read on Beckman DBG Spectrophotometer using a flow cell and a continuous recorder. When a protein came out complexed with the dye, the eluate exhibited higher absorption (case A and L). The eluate from which the dye had been partially removed by adsorption on proteins came out after 3-4.5hr as a less colored solution (A). Where no binding of the dye to proteins had occurred, neither increment (before one hour) nor decrement in O.D. were observed (case 0). Flow rate was 1 ml/min.
The dye, fluorescein, has similar spectral prop erties to FITC as both contain the same fluoro chrome. Evidence for the strong dye-adsorption on the albumin is shown in Fig. 6 . Although the non-covalent binding of serum albumin (M.Wt. 69,000) with certain dyes (22, 23) , drugs, lipids, hormones etc. (19, 21) has been studied, this is the first time, we know of, that such a study has been undertaken with fluorescein, especially using the gel filtration technique. Present results of positive dye-binding of al bumin and lysozyme, and the non-binding of ovomucoid (Fig. 6 ) enable us to explain the apparent reactivity of the former two proteins with FITC at low pH (Fig. 3) , in which charged amino groups cannot be attacked, as a result of non-covalent dye-binding. This type of phenomena is receiving more attention in the study of hydrophobic and other prop erties of proteins because hydrophobic side chains are more difficult to investigate than the polar or charged side chains. The easy chemical modification of the latter facilitates study of their functions That ovomucoid (M.Wt. 29,000) showed least dye-adsorption (Fig. 6) is quite in accord with the fact that ovomucoid is usually un stainen by aniline-blue black (16) Although the above data are insufficient to draw conclusion whether this non-covalent binding is of ionic, hydrophilic, or hydrophobic nature, it can be said, at least, that non-covalent binding should be born in mind when labeling a protein with a fluorochrome.
These results show that FITC is a useful reagent to modify amino groups. The modi fied FTC-protein was shown to yield after Edman's degradation a FTH-amino acid which corresponded to the N-terminal amino acid. Non-covalent dye-binding of fluorescein was demonstrated to be a potential source of error in the study of dye-conjugated protein.
